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Special structures and properties of clusters make them possible for applications in 
catalysis, sensing, superconducting materials, OLED, biolabeling, etc. Coinage metal 
clusters have been one of the focuses on clusters due to their unique geometric 
structures, electronic structures and optical properties. The relationship between 
structures and optical properties of Au12Ag12 clusters is discussed in this dissertation, and 
the dissertation focuses on the synthesis, structures and optical properties of the mixed-valence 
gold nanoclusters and gold-silver nanoclusters. The main findings and results are as follows: 
(1) By comparing structures and optical properties of Au12Ag12(C≡CPh)12(SiPr)12 cluster and 
its congeners, discuss effects on the differences between ligands. 
(2) By synthesizing alkynyl-protected Au36(C≡CPh)24, Au24Ag20(C≡Cth)24 and 
Au26Ag20(C≡CPh)28, discuss effects of ligands on structures and optical properties of coinage 
metal clusters. Features and advantages of alkynyl groups are also perfectly showed. 
(3) Mix alkynyl/ halide-protected Au80Ag30, Au36Ag36 and Au59Ag51 were synthesized 
and structurally determined．Au80Ag30 can be dissected in a shell-by-shell manner, with 
four shells. The chiral metal core M110 is distributed in a concentric four-shell Russian 
doll arrangement, Au6@Au35@Au18Ag30@Au21. The work about Au80Ag30 
demonstrates that halides play an important role in the formation of a large coinage 
metal nanocluster, and the halide effect should be considered in the design and synthesis 
of metal nanoclusters. Au36Ag36 and Au59Ag51 also with a core-shell structure show low 
symmetry but good stability as Au80Ag30. They also show the variety of coinage metal 
nanoclusters. Halides exhibit diverse coordination modes as well as alkynyl groups, and 
they prefer to bind silver atoms other than gold atoms in Au/Ag bimetallic nanocluster. 
 
































表 1.1 金属原子不同聚集体的特征[5] 
聚集体的分类 分子 微团簇 超微粒 微晶 
原子数目 ≤10 102 ~ 103 103 ~ 105 ≥105 
半径尺寸寸（nm） >0.1 ≈1 ≈10 >10 













































































































图 1.2.1  早期简单的金化合物 
 
后来，随着一些比较经典的新的金化合物的出现，如前苏联科学家 A. N. 
Nesmeyanov 合成的结构确定的一氧三金簇合物[7], P. G. Jones 合成的一硫三金结
构[8]，E. W. Abel 和 C. R. Jenkins 得到一硒三金结构[9]。人们对这些金化合物存在








图 1.2.2 一氧三金部分结构示意图 
     
一直到 1988 年，H. Schmidbaur 在[11]P. G. Jones 一系列工作的基础上，经过
研究总结，首次大胆提出了“金-金相互作用”的概念[12]。 
    典型金-金相互作用一般在发生闭壳层（5d10）或线性二配位的 Au(I)之间。 



































图 1.2.3 RC(Au-L)4+结构模型 
 
然而对于一碳五金和一碳六金结构，配体则在碳原子周围，使得簇合物借助
配体形成多聚物（如图 1.2.4）。比如[14]J. P. Fackler, Jr.报道的具有荧光，外观类似
立方体的八核金（图 1.2.4 a），[15]I. O. Koshevoy 报道的由膦配体连接两个一碳四
金构成二聚体形式的八核金（图 1.2.4 b）。[16]Vivian Wing-Wah Yam 通过一硫三
金、双膦配体 dppm (1,1’-Bis(diphenylphosphino)methane)结构单元合成了一个四
聚体形式的 Au12(图 1.2.4 c)，将多巯基衍生杯芳烃作为连接配体时又得到多聚物
八核金(图 1.2.4 d)[17]。同样，[18]D. Fenske 以一硒三金、dppm 为结构单元得到了
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